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FUEL BLENDS 

Field of the Invention 

This invention relates to fuel blend compositions including a hydrocarbon liquid, low-alkyl 
alcohol and fatty acid and/or organic ester. Additionally, the invention relates to a fuel 
5 additive composition including a low-alkyl alcohol and fatty acid and/or organic ester. 

Ttarkgrmind to the Invention 

Diesel oil, due to its cost and availability, continues to be the backbone for industry around 
the world being the principal fuel for use in trucks, ships, trains, some cars and other 
automotive equipment and different stationary types of engines. 

10 It is well recognised that the combustion of diesel fuel in engines can be hazardous to the 
environment. In particular, the partial combustion of diesel fuel to carbon, carbon 
monoxide, and nitrogen oxides creates noxious black exhaust gases which are poUutants. 
This problem is particularly observable in trucks and other automotive vehicles wbeic 
noxious blade exhaust gases can be seen being released into the enviroimirat 

IS Attempts have been made over the years to address the enviromnental concmis associated 
with exhaust fumes firom engines by using alcohols such as methanol (methyl alcohol) or 
ethanol (ethyl alcohol) as fuels. Such attempts, for instance, have generally established 
that 15% of ethanol and 85% diesel oil provides an acceptable burning capacity wiAout the 
necessity of modifying existing diesel engines. 

20 The problmi with using ethanol or methanol as a fuel in conjunction with diesel oil is that 
ethanol or methanol are immiscible with diesel oil, that is, they cannot be uniformly mixed 
or blended into one phase without rapid separation into their component parts. Since they 
cannot be uniformly mixed into one phase and stored for easy use, the components must be 
mixed just prior to use by, for example, having independent fuel tanks with the 

25 components independenfly punq)ed and mixed just before the combined fuel is injected 
into the fiiel chamber. Such a system is currently being used in die bus fleet of the Des 
. Moines Transit Authority, Iowa, USA. 

• One attempt to address the problem of immiscibility was to form an emulsion of the diesel 
oil and ethanol using an emulsifier. An example of this is in Australian Patent No. 544,728 

* 30 which discloses a composition having 84.5% diesel oil, 15% hydraled ethanol and 0.5% 

emulsifier. The emulsifier is of the styrene butadiene co-polymer type in admixture with a 
high molecular weight polyethylene glycol dissolved in xylene. This mixture can show 
both batch to batch variation and instability as the diesel and ethanol separate in the fuel 
tank. 
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An attempt has also been made to address tbe problem of inamiscibility by forming a blend 
comprising a petroleum fuel, methanol and a higher alcohol having 10-16 carbon atoms as 
a solvent for the petroleum fuel and methanol. An example of this is disclosed in US Patent 
No. 4,527,995. 

5 A* further, attempt to address die problem of immiscibility is disclosed in UK Patent 

Application No. GB 2,090,611 wh^ combustible compositions are claimed containing 

gas oils, methanol and a fatty acid ester for use in diesel engines. The claimed combustible 

compositions comprises from 20% to 90% by volume of at least one gas oil, from 5% to 

50% by volume of methanol and firom 5% to 60% by volume of at least one (Cj - C3) alkyl 

10 ester of a (Cg - C22) saturated or unsaturated fatty acid. The specification states that 

alcohols heavier than methanol such as butanol must be added in substantial portions and 

do not improve the cetane number. 
♦ 

The article entitled "Diesel Oil Substitution by Processed Plant Oils - Engine and Vehicle 

Results" published in 1982 by two authors from Volkswagen do Brasil S.A. Brazil, 
15 compares tests conducted using a straight methyl ester of soya bean oil (MESO) as a fuel 

with a 75-25 gasoil-MESO blend and a 68-23-9 gasoil-MESO-ethanol (anhydrous) blend. 

The article provides that plant-oil mono-esters used as gasoil extenders s^e as co-solvrats 

between gasoil and ethanol, thus permitting ready use of otherwise-inconq)atible ethanol. 

However, the article provides that an increase in proportion of ester in the gasoil from a 
20 25% ester contmt onwards results in die ethanol being substantially conq)atible in the 

gasoil. 

hi subsequmt investigations leading to the present invention, it has surprisingly been found 
that fatty acids and/or organic esters having up to 15% by volume in the fiiel blend 
composition function as a coupling agent between the hydrocarbon liquid and ethanol 
25 and/or n-propanol to form a single phase composition which is not prone to separation. 

Summary of the Invention 

According to a first embodiment of the invention, there is provided a fuel blend 
conqposition including a hydrocarbon liquid (as hereinafter defined), up to 20% by volume 
of the total composition of ethanol and/or n-propanol and up to 15% by volume of the total 
30 composition of a fatty acid and/or organic ester. 

hi a preferred embodiment of the invention, the fatty acid and/or organic ester component 
is between 1.5% and 1 1% by volume. 

In another preferred embodiment of the invention, the fatty acid and/or organic ester 
component is between 2% and 5% by volume. 
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The fatty acid component is derived preferably firom natural oils and fats such as laid, 
tallow and vegetable oils, for example, canola, palm, com, sunflower and soya bean oils or 
firom specific blends commercially produced by fatty add manufacturers or from fatty 
adds made by synthetic means or mixtures thereof. The fatty acid is preferably "oleic 
5 acid". For those skilled in the art, this is understood to mean the commercially available 
liquid fatty acids in which the mono-unsaturated fatty acid is significantly present 

The organic ester con^x>nent is selected prefi^ably firom fatty esters such as ethyl oleate, 
ethyl tallowate, iso-propyl oleate, butyl oleate, methyl oleate or methyl cocoate and/or 
other aromatic esters such as butyl benzoate and/or other aliphatic esters such as ethyl 
10 acetate or mixtures thereof and/or dicaiboxylic acid esters such as dioctyl maleate. 

In another preferred embodiment of the invention, die fuel blend composition also includes 
methanol, butanol, iso-butanol, t^-butanol or mixtures diereof. 

In apreferred embodiment of the invention, the hydrocarbon liquid (as hereinafi^ defined) 
component is at least 40% by volume of the total composition and more prefi^ably 
15 between 75% and 88%. 

The term hydrocarbon liquid, as used in the specification, means diesel oil and gas oil and 
mixtures thereof . 

According to a preferred embodiment of the invmtion, there is provided a process for 
producing a single phase fiiel blrad composition including the steps of: 

20 (a) adding the ethanol and/or n-propanol to die hydrocarbon liquid to form a mixture at 
die alcohol phase and an oil phase and thereafter; 

(b) adding the mixture of stq> (a) to the fatty acid and/or organic ester, and 

(c) mixing the resultant mixture until a single phase has been formed. 

According to a further embodiment of the invention, there is provided a fuel additive 
25 conqposition including ethanol and/or n-propanol and a fatty acid and/or organic ester in 
respective amounts ranging from a ratio of 25:1 to 1:1. Up to 35% of die fuel additive 
composition is added to the hydrocarbon liquid to form a single phase composition. 

In a further preferred embodiment of die mvration, a process to produce a single phase fuel 
blend composition is provided by: 

30 (a) adding the ethanol and/or n-propanol and the fatty add and/or portion of organic 
ester to form die additive composition and thereafter; 

(b) adding the mixture of (a) to the hydrocarbon liquid ; and 

(c) mixing the resultant mixture until a single phase has been formed. 
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Examples 

The carboxylate esters used in the examples are those manufactured at the premises of the 
Victorian Chemical Co., Richmond, Victoria, Australia and are sold under the "Esterol" 
brand name. The ethyl acetate was purchased firom BP Chemicals Australia. The diesel oil 
5 is that purchased from pumps of major Australian oil companies such as Caltex Petroleum 
Pty Ltd. The ethanol (ethyl alcohol) is commercial material obtained from the CSR 
Distilleries. Yaixaville Victoria, Australia and is known as Ethanol 100SG/F3 which 
contains 3% methanol. 

The following is a non-limiting example of a process to produce Composition 1 below 
10 according to the invention. 

Diesel oil (85ml) is placed in a 100ml bottie at ambient temperature and pressure. Ethanol 
(10.0 ml) is added to the bottie creating an oil phase and an alcohol phase. Methyl oleale 
(5.0ml) is tiien added, a stopper applied to the tq) of ttie bottie and the resultant mfacture is 
shaken for a period of approximately 30 seconds or such less or further poiod of time to 
15 aUow proper nabdng of tfieUquids to take place and a single phase to form^ The mixture 
was allowed to stand to allow the contents to settie. A single phase is obs^ed. 

Substantially tiie same method is used to produce the otiier compositions detailed below. 

Product blmds were made (as percentage v/v) as follows. 

Composition 1 

20 Diesel Oil 85.0 

Etiianol 10.0 
MetiiylOleate 

100.0 

Diesel QU 80.0 
n-Propanol 13.5 
Methanol L5 
Etiiyl Oleate 5.0 
100.0 



25 



30 
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Compodtion 3 
Diesel OU 80.0 
Ethanol IS.O 
Etfiyl Acetate 5.0 

s ma 

rflmnosttion 4 
Diesel OU 80.0 
Edianol 1S.0 
10 Ethyl TaDowate 5.0 

100.0 

CnmpositionS 
Diesel QU 82.0 
IS Ethanol 15.0 

BuQrlBenzoate 3.0 
100.0 

Composition 6 

20 Diesel Oil 82.0 

Ethanol 15.0 
Oleic Add 3.0 
100.0 

25 Composition 7 

Diesel Oil 83.0 
Ethanol 13.5 
Iso-Propanol 1.5 
Ethyl Oleate 2.0 

30 mo 
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Qmmositioii 8 
Diesel OU 81.0 
Ethanol 15.0 
Ethyl TallowatB 1.5 
E%1 Acetate 2.5 



9 



Diesel OU 80 

10 Ethanol 14 

M^hanol 1 

Ethyl Oleate 4 

Butyl Braizoate _1 



15 



100 



Composition 10 
GasQU 74.5 
Ethanol 20.0 
Oldc Add 3.0 
20 Iso-Pcopyl Oleate 2.5 

100.0 

Composition 11 

Diesel Oil 87.75 
25 Ethanol 9.0 

Ethyl Oleate 3.25 
100.0 



30 Diesel OU 94 

Ethanol 5 
EOayl Oleate _JL 
100 
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Compositi n 13 
Diesel OU 94.5 
Ediaool S.O 
Ethyl Oleate 0.5 
100.0 

ComposMon 14 
Diesel OU 94.8 
Ediancd 5.0 
Ethyl Oleate 0.2 
100.0 

Composition 15 
Diesel Oil 80 
Ethanol 10 
Ethyl Oleate 5 
n-Butanol 

m 

Composition 16 
Diesel OU 79 
Ethanol 10 
Ethyl Oleate 6 
Iso-Propanol 5 
100 

Composition 17 
Diesel CMl 74 
Ethanol 15 
Ethyl Oleate 11 
100 
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C mposition 18 
Diesel Oil 94.8 
Edianol 5.0 
Oleic Add Q2 
5 100.0 

CiHnpoBltion 19 
DtesdOU 94 
Edianol 5 
10 CXeic Add 



100 



Composition M> 
DiesdOU 88.5 
15 Ettumol 10.0 

Oleic Add 1.5 
100.0 

Composition 21 
20 DiesdOa 82 

Edianol 15 
Oleic Add _1 
100 

25 Composition 22 

Diesel Oil 81.5 
Edianol 15.0 
Ediyl Oleate 3.5 

ma 

30 
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C mporiaon23 
Diesel OU 76 
Ettianol 20 
Oleic Acid _4 
5 IflQ 

rftinnorftion 24 
Diesel OU 74 J 
Ethanol 20.0 
10 OlncAdd 3.0 

Isqiropyl Oleate 23. 

100.0 

rnmnosition 25 
IS DiesdOU 70 

Edianol IS 
Methyl Cocoate _15 
100 

20 rnmpnsition 26 

Diesel OU 77 
Ethanol 15 
Methyl Cocoate _E 

m 

25 

Composition 27 
Diesel OU 75 
Ethanol 15 
Methyl Cocoate _10 
30 iSSl 
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Composition 28 
DiesdOU 78^ 
Edianol 0^ 
E%I OleatB 65 
5 n-Pn^)anol 14.5 

mQ 

Conqiorition 29 
Diesel QU 85 
10 Ethanol 10 

Methyl Oleate 

100 

Composition 30 
15 MesdOa 77^ 

Ethanol 15.0 
BOsyl Oleate 5.0 
Ethyl Achate 2<S 
100.0 

20 

Composition 31 
DiesdOU 77 
Ethanol 15 
Dioctyl maleate £ 
25 IQQ 

CompoMtion32 
Diesel Oa 65 
Ethanol 20 
30 Ethyl Oleate H 

100 
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C mporition33 
DieselQil 67 
Etfaanol 18 
EtfiylOleale 15 
5 . IfiQ 

All of the above Compositions had a single phase demonstrating the effectiveness of die 
use of levels of fatty acids and/or organic esters or mixtures thereof to blend hydrocarbon 
liquids such as diesel oU and low-all^l alcohols such as ethanol into one phase. These 
compositions were tested over the typical tenq)eratures in which normal fuels are to 
10 perfonn and were not found to be temperature srasitive. 

In each of the Compositions listed above, the blend of diesel oil and low alkyl alcohol is m 
one phase and the blend was found to operate satisfactorily as a fuel. 

Volkswapon Engine : A 1979 Volkswagon "Golf* 4 cylinder 1.5 litre diesel engine was 
tested over the several months on Composition No IS. The engine was tested under normal 
IS operating conditions and no decrease in either power or fuel efficimcy was noticed. 

Prime Mover Engine : A modem Mercedes Benz Prime Mover Engine Type 2228V Series 
was tested on Composition No 4» under typical 40 tonne loads. There was no noticeable 
decrease in eitiiCT pow^ or fuel ^dency of die mgine. 

Foric Lift Engine : A 4 cylinder Yale Foiklift (Model GDP OSO RU AS) (with a) 44HP (2400 
20 rpm) Mazda XA series diesel motor ragine was tested under typical warehouse operating 
conditions on Composition Nos IS and 21 over several montiis. As well as no diffoence 
being noted in the efBciency of the forklift engine* the use of the etiianol blend is likely to 
be more accqytable in the enclosed warehouse atmosphere. 

In respect of each of the above coiiqx>sitions, a fuel additive composition can be formed of 
2S the low-aUyl alcohol and the fatty add and/or organic ester which may be added to die 
hydrocarbon liquids. 

Fuel Additive Compositioiis 

The Additive Composition is iUustrated by fbc following non-limiting examples. The 
following is a non-limiting example of a process to produce Additive Composition 1 below 
30 according to the invention. 

Edianol (66.7 ml) is placed in a 1(X) ml bottie at ambient temperature and pressure. Methyl 
Oleate (33.3 ml) is added to the bottie to foim a clear Additive Composition 1. Additive 
Composition 1 (15 ml) is then added to diesel oil (85 ml), a stopper applied to the top of 
the bottie and the resultant mixture is shaken for a period of q>proximately 30 seconds or 
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less or for the period of time to allow proper mixing of the liquids to take place and a 
single phase to form. 

Substantially the same method is used to produce other Additive Compositions as detailed 
below. 

S Additive Compositions were made (as percentages v-v) as follows: 



Additiy^ Composition 1 
Ethanol 66.7 
Methyl Oleate 333 
10 100-0 

Additive Composition 1 (IS ml) was added to diesel oil (85 ml). 

Additive Composition 2 
Ethanol 75 
Ethyl Tallowate 2^ 
15 100 

Additive Composition 2 (20 ml) was added to diesel oil (80 ml). 

A44itivc Composition 3 
Ethanol 79.4 
Ethyl Oleate 1L8 
20 IsoPropanoI 8.8 

100.0 



Additive Composition 3 (17 ml) was added to diesel oil (83 ml). 
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Additive C mpositi n4 
Ethanol 78*9 
Ethyl Acetate 13.2 
Ethyl Tallowate 29 
5 100.0 

Additive Composition 4 (19 ml) was added to diesel oil (81 ml). 



Additive Composition S 
Edianol 50 
Ethyl Oleate 25 
10 nButanol 25 

IfiQ 

Additive Cdmposition 5 (20 ml) was added to diesel oil (80 ml). 



Additive Composition 6 
Ethanol 83.3 
15 Oleic Acid 16.7 

100.0 

Additive Coixq)osidon 6 (24 ml) was added to diesel oil (76 ml). 



Additive Compositicm 7 
Ethanol 78.4 
20 Oleic Add 11.8 

Iso Propyl Oleate 9.8 

mo 



Additive Con^sition 7 (25.5 ml) was added to diesel oil (74.5 ml). 
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Additive C mpositionS 
Etfaanol SO 
MetliylCoooate ^ 
100 

5 Additive ConqKKition 8 (30 ml) was added to diesd oil (70 sol). 

Additive ComnosMon 9 



Ethanol 66.7 
Ethyl Acetate 11.1 
Ethyl Oleate 222. 
10 IQOQ 

Additive Con^sition 9 (22.5 ml) was added to diesel oil (77.5 ml). 

Additive Composition 10 
Etiianol 57.2 
Ethyl Oleate ^ 

15 mo 



Additive Ccmqposition 10 (35 ml) was added to diesel oil (65 ml). 

The resultant mixtures were allowed to stand to allow the contents to setfle. All of the 
resultant mixtures had a single phase throughout the ^ical tenq>erature range in which 
normal fuels are to perfonn and were found not to be temperature sensitive. 
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The claims defming the invention are as follows: 

I. A fiiel blend composition including a hydrocarbon liquid as hereinbefore defined, 
up to 20% of tfie total composition of ethanol and/or n-propanol and up to 15% by 
volume of the total composition of a fatty add and/or organic ester. 

5 2. A fiiel blend composition according to claim 1 wh^in the fetty acid and/or organic 
ester component is between 1.5% - 1 1% by volume of the total composition. 

3. A fiiel blend composition according to claim 1 wherein the fatty add and/or organic 
ester con^)onent is between 2% - 5% by volume of the total composition. 

4. A fuel blend conqx)sition according to any of claims 1 to 3 wherein the fatty acid is 
10 derived from natural oils and fats or vegetable oils or is produced by synthetic 

means or any mixtures thereof. 

5. A fuel blend composition according to claim 4 wherem the natural oils and fats are 
lard and tallow. 

6. A fuel blend coiiq)osition according to claim 4 wherein the vegetable oils are 
15 derived fix)m canola, palm, com, sunflower oil or soya bean crils. 

7. A fiiel blend composition according to any of the claims 1 to 3 wherein the organic 
ester is selected from fatty acids, aromatic esters and/or aliphatic esters and any 
mixtures thereof. 

8. A fiiel blend composition according to daim 7, additionally including a 
20 dicaifooxylic acid ester. 

9. A fiiel blend composition according to claim 7 wherein the fatty acids are selected 
from ethyl oleate, methyl oleate, ethyl tallowate, iso-propyl oleate, butyl oleate, 
methyl oleate or methyl cocoate. 

10. A fiiel blend composition according to claim 7 wherein the aromatic esters are 
25 selected from butyl benzoate and ethyl acetate. 

II. A fiiel blend conqK>sition according to claim 7 wherein the dicaifooxylic acid ester 
isdioctylmaleate. 

12. A fiiel blend oonqx>sition according to any of the previous claims further including 
metfianol, iso-propanol, butanol» iso-butanol, tertiary butanol and mixtures thereof. 

30 13. A fiiel blend composition according to any of the previous claims wherein the 
hydrocarbon liquid is at least 40% by volume of the total composition. 

14. A fiiel blend composition according to any of the previous claims wherein the 
hydrocarbon liquid is between 75% - 85% by volume of the total composition. 
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15. A pnx:ess for producing a single phase fuel blend composition according to any one 
of claims 1 to 14 including die steps of: 

a) adding the ethanol and/or n-propanol alcohol to die hydrocarbon liquid to 
form an alcohol phase and an oil phase; thereafter 

5 (b) addingthemixtureof step (a) to the fatty acid and/or organic ester; and 

(c) mixing the resultant mixture until a single phase is formed. 

16. A process for producing a single phase fuel blend according to any one of claims 1 
to 14 including the steps of: 

(a) adding the ethanol and/or n-propanol to the fatty acid and/or organic ester; 
10 thereafter 

(b) addingthemixtureof step(a) to the hydrocarbon liquid; and 

(c) mixing the resultant mixture until a single phase is formed; 

17. A fuel blend composition as hereinbefore described by reference to any of the 
examples. 

IS 18. A fuel additive composition including ethanol and/or n-propanol and a fatty acid 
and/or organic ester in respective amounts ranging from aratio of 25:1 to 1:1. 

19. A fiiel blend composition including the hydrocarbon liquid and up to 35% of the 
fuel additive composition as in claim 18. 

20. A fuel additive conqposition as h^inbefore described by reference to any of the 
20 examples. 
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